There is a large number of learning management systems as well as intelligent tutoring systems supporting today's educational process. Some of these systems relay heavily on use and reuse of learning objects. A lot of work has been done on creating, storing, classifying and filtering learning objects with respect to a specific subject. Considerable amount of research focuses on facilitating the process of reusing already available learning objects. This work is devoted to a study of a decision making process related to recommending the most appropriate learning objects to each particular student.
Introduction
Learning objects are the core concept in an approach to learning content in which content is broken down into "bite size" chunks. These chunks can be reused, independently created and maintained, and pulled apart and stuck together like so many legos, [25] .
Learning technology systems and interoperability standards providing reuse of learning objects and interoperability of content across delivery are developed by [21] , [22] , and [23] .
SCORM [22] provides technical standards that enable web-based learning systems to find, import, share, reuse, and export learning content in a standardized way. However, SCORM is written for toolmakers who know what they need to do to their products to conform with SCORM technically.
IEEE Learning Object Metadata [21] defines a set of resource description framework constructs that facilitates introduction of educational metadata into the semantic web.
HarvestRoad Hive [23] is an independent, federated digital repository system. It enables the collection, management, discovery, sharing and reuse of LOs used in the delivery of online courses within higher education.
A lot of work has been done on creating, storing, classifying and filtering learning objects with respect to a specific subject. Considerable amount of research focuses on facilitating the process of reusing already available learning objects. This work is devoted to a study of a decision making process related to recommending the most appropriate learning objects to a particular student.
The Model

Conceptual modeling
A level-based instruction model is proposed in [11] . A model for student knowledge diagnosis through adaptive testing is presented in [3] . An approach for integrating intelligent agents, user models, and automatic content categorization in a virtual environment is presented in [6] .
A learning style is the general, habitual mode of processing information; it is a predisposition on the part of some students to adopt a particular learning strategy regardless of the specific demands of the learning task: that is, individuals' learning styles are simply the cognitive styles that they evidence when confronted with a learning task [15] . According to the Kolb's model [8] there are four learners types -concrete, reflective, abstract, reflective, abstract, active, and concrete, active.
The three learning preferences are auditory (learning by hearing), visual (learning by seeing), and kinesthetic (learning by doing), [2] . Student learning orientations [9] are critical for individualizing the instructional process. The four learning orientations are transforming learners, performing learners, conforming learners, and resistant learners.
Concept lattices
A concept is considered by its extent and its intent: the extent consists of all objects belonging to the concept while the intent is the collection of all attributes shared by the objects [19] . A context is a triple (G, M, I) where G and M are sets and I ⊂ G × M. The elements of G and M are called objects and attributes respec-tively. The set of all concepts of the context (G, M, I) is a complete lattice and it is known as the concept lattice of the context (G, M, I ).
Fuzzy membership
Fuzzy reasoning methods [20] are often applied in intelligent systems, decision making and fuzzy control.
A prediction method in [4] applies formal concept analysis and fuzzy inference. In particular it shows how to calculate the value of a membership function of an object if the object belongs to a particular concept. The sum-of-1-criterion states that Σ i ∈ Mi µ i (x) = 1, ∀ x ∈χ , where M i , i = 1, ..., k denotes all possible membership terms {m i , i = 1, ..., k} of a fuzzy variable in some universe of discourse χ.
An affiliation value to a concept represents the relative extent to which an object belongs to this concept or an attribute is common to all objects in the concept. The threshold for membership values is regarded as significant. This is obtained by computing the arithmetic mean of all entries within a column and take it as a threshold.
Multi criteria decision making methods
An extensive bibliography review on multi criteria decision making methods are summarised in [5] and [16] . Further interesting discussions may be found in [1] , [7] , [10] and [12] .
Most human beings highly appreciate assistance in a form of well structured technique while working with complex decisions. The Analytic Hierarchy Process (AHP) developed by T. Saaty in 1980 [13] is one of those techniques and it has been applied in a number of different areas like government, business, industry, healthcare, and education. AHP involves mathematical programming, quality function deployment, meta-heuristics, strengths, weaknesses, opportunities and threats analysis and data envelopment analysis, [17] and [18] . The underlying concepts of AHP are structuring the complex decision problem as a hierarchy of goal, criteria and alternatives, pair-wise comparison of elements at each level of the hierarchy with respect to each criterion on the preceding level, and finally vertically synthesizing the judgments over the different levels of the hierarchy.
The analytic hierarchy process is a multi criteria decision making method [14] for working with multi attribute problems. A complex problem is broken down into smaller parts, further organized into levels. Then a hierarchical structure is generated. The goal is to determine the impact of a lower level on an upper level by paired comparisons done by a decision maker.
AHP facilitates estimation of the impact of each alternative on the overall objective of the hierarchy it is used as a consistency test to filter out inconsistent judgements.
The scenario
In this scenario all students, within a particular subject, are suggested to take a web based test at the beginning of a semester. Test results indicate lack of knowledge and skills, lack of understanding of certain concepts or misconceptions, that are prerequisites for studying that subject. Based on the test results students are placed in different groups. Suitable learning objects are later on suggested to each student based on her group membership.
At the initial stage group types are formed based on previous teaching experience. If such experience is missing the groups can be formed according to a lecture assumption. Group types are further tuned when more experience is obtained.
The theory of concept lattices is applied in establishing relationships among groups of learners and the subject content. The process of assigning a student to a particular group is based on fuzzy functions. Such functions allow partial group membership, i.e. a particular individual may belong to some extend to more than one group. This in contrast to classical set theory where an element is either within a set or does not belong to that set, [24] . This makes the approach much more dynamic, flexible and easy to adapt to the individual needs of each student.
Learning objects are first collected in a database. Metadata is attached to each learning object, describing content, size, purpose and recommended educational level. AHP methods are applied for assigning a learning object to a group and consequently to a student.
System
The system prototype is build as a Web-based application using Apache HTTP server, mod_python module and SQLite database. The mod_python module provides programmable runtime support to the HTTP server using Python programming language. The whole application components:
• Web-based users interface, • application logic, and • database interaction were written in Python. The system implementation has Web application server architecture: the presentation layer is handled by an Apache Web server, the logic layer is written in Python, and the data layer is implemented using SQLite database engine. Python provides a programming environment for implementing script-based handler for dynamic content, data integration and users' software agents. The back end SQLite databases are used to store both static and dynamic data. Apache is a modular Web server that can incorporate a high level scripting language as a module such as f. ex. mod_python. Using mod_python, python interpreter becomes a part of the Web server. SQLite is a small footprint, zero-administration and serverless databasesystem. SQLite stores persistence data into files. SQLite thus provides a database platform for multiple databases.
Conclusion
While most efforts aim at providing a technology to access and share existing learning objects, much less is known about how to assign the most suitable learning objects for a student.
The proposed method can be used to determine the learning effect of using learning objects in a subject as well as qualities of a single learning object. Learning styles and learning preferences can be further employed in the process of choosing the most appropriate learning object for each student. In addition the applications of fuzzy functions allow partial group membership, i.e. a particular individual may belong to several groups. This makes the approach much more dynamic, flexible and easy to adapt to the individual needs of each student.
